1. Introduction {#s0005}
===============

The medical literature is depleting in publications reporting the co-occurrence of the three disease entities: inflammatory bowel disease (IBD), colorectal cancer (CRC) and type 2 diabetes mellitus (T2DM), along with inflammation and dismicrobism [@bb0040], [@bb0085], [@bb0105], [@bb0205], [@bb0255]. Actually, the body microbiota represents a complex ecosystem with enormous microbial diversity. Trillions of bacterial cells colonize the GI surface within the human body and can reach 10 times the number of the cells forming the whole organism. In addition; the genes of these microorganisms are 150 times higher in number than those in the human body. Most of the commensal bacteria are symbiotic; however, they could cause pathology after their translocation to the mucosa or under specific conditions. The largest number of bacterial cells is found in the large intestine (10^11^ per gram of intestinal content), the main geography of IBD and CRC [@bb0095], [@bb0205].

In general, intestinal dysbiosis is associated with an undesirable qualitative and quantitative alteration in the balance between beneficial and harmful bacteria in the gut [@bb0085]. It is also well documented that changes in the homeostasis of the intestinal microbiota have far-reaching effects on local and systemic immunity and contribute to the pathogenesis of gastrointestinal diseases like inflammatory bowel disease, irritable bowel syndrome and colorectal cancer, as well as extra intestinal systemic diseases like obesity, diabetes and atherosclerosis among others [@bb0285]. Some authors have even suggested that dysbiosis could be the link between chronic inflammation, IBD, CRC and T2DM trough a crosstalk between several molecular pathways, in particular, TGFβ, NFKB, TNFα and ROS among others [@bb0100]. The mechanisms forming the basis of such a phenomenon were referred to a series of complex interactions between the intestinal epithelium, microbiota, genetic factors, and the host immune system, which modulate the intestinal equilibrium.

Normally, the intestinal epithelium has a critical function as a protective barrier against luminal antigens. It is covered by a single layer of intestinal epithelial cells (IECs) distinguished by a fast renewal rate. They are circumferentially tied by intracellular tight junctions and coated by a thick adherent mucus gel, thus forming a dynamic physical interface between the host and its environment [@bb0175], [@bb0310]. Despite its robust and multi-faced nature, this barrier can be breached, hence disrupting the intestinal homeostasis, and thus promoting a state of chronic inflammation in all these three disease entities: IBD, T2DM and CRC [@bb0145].

Normally, inflammation is basically a beneficial activity that rejuvenates injured tissue and removes the foreign agents disturbing homeostasis, thus leading to recovery of the equilibrium state. This task is achieved through a complex inflammatory response which may involve a balance between a huge panel of bioactive molecules, pro and anti-inflammatory (IL-6, NFKB, TNFα and TGFβ, among others ...), provided from resident or infiltrating inflammatory cells. However, a persistent or an inadequately resolved chronic inflammation, due to the tilting of the balance in favor of pro-inflammatory agents, may increase the risk of several pathologies such as IBD, CRC and T2DM. How inflammation lies on the causative pathway mechanistically linking these three chronic clinical problems remains unclear [@bb0215], [@bb0065].

In this review, the focus is on the inflammation process as constituting the basis in the development of CRC, IBD and T2DM. Several molecular signaling pathways involved in such inflammation like TGFβ, JAK/STAT, TNFα, NFkB and ROS production mechanisms will be discussed, along with the role of microbiota in the physiopathology of these three diseases. Collectively, the molecular crosstalk between all of these pathways could probably define the nature of the link or links between all three disease entities.

2. Inflammatory bowel disease {#s0010}
=============================

IBD is an idiopathic, chronic, inflammatory disease that affects the colon and other parts of the gastrointestinal tract. It may also have extra-intestinal manifestations [@bb0100]. The exact etiology of IBD is unrevealed yet, but it is generally known to be multifactorial, with the possible leading trigger as a disbalance of the luminal mucosal homeostasis in genetically susceptible organisms [@bb0145], [@bb0220]. Consequently, an altered balance between regulatory and inflammatory mediators could contribute to an inappropriate and sustained inflammatory response probably caused by a dysfunction of the microfloral integrity [@bb0085]. IBD encompasses a range of intestinal pathologies, the 2 major clinical entities (ulcerative colitis (UC) and Crohn\'s disease (CD)) show overlapping features and a similar symptom profile which can include; diarrhea, rectal bleeding, abdominal pain and weight loss [@bb0170], [@bb0115].

2.1. Crohn\'s disease (CD) {#s0015}
--------------------------

It is often associated with a widespread inflammation that can affect any region of the intestine from the mouth to the anal canal but mostly involves the ileum and the colon [@bb0295].

At the histological level, CD is characterized by the spread of lymphoid aggregates in the mucosa and submucosa layers of the bowel. At the beginning of the disease, neutrophil infiltrates are observed in the epithelial layer. As the disease progresses, neutrophils infiltrate into the crypts. They form crypt abscesses, hence destroying the crypt leading to colonic atrophy. Another observed feature resulting from this chronic inflammation is the formation of non-necrotizing granulomas. Ulcers constitute also a main feature of CD which enlarge and may then develop into a network of long perforating ulcerations [@bb0230]. These microscopic changes ultimately lead to a series of complications including: abdominal pain, diarrhea which is a common presentation of CD, rectal bleeding, fistula and perianal disease which are often very difficult to treat, and malabsorption often due to the inflammation of the terminal ileum (59).

The profile of cytokines ruling the inflammation of Crohn\'s disease, while well defined, continues to be a work in progress. A Th17 response is the main cause of Crohn\'s disease inflammation through the production of IL-17 and IFN-γ. These are not, of course, the only cytokines taking part in the CD inflammation, their downstream cytokines: TNF-α, IL-6 and IL-1 play pivotal roles as the immediate effectors of inflammation, in addition to several others including IL-22 [@bb0300].

2.2. Ulcerative colitis {#s0020}
-----------------------

UC is also an inflammatory disease featuring recurrent and chronic inflammation of the colonic mucosa and submucosa [@bb0125]. It usually begins in the rectum. Depending on the severity and the course of the disease; it could extend to the proximal parts in a continuous fashion [@bb0290]. In severe cases, acute dilatation of the colon, necrosis, perforation and massive hemorrhage with the formation of pseudopolyps are clinically manifested [@bb0095]. Histologically, UC can result in crypt abscesses with neutrophils infiltrating the crypts. Moreover, in severe cases, hypertrophy of the muscularis mucosa can occur which may lead to a narrowing and shortening of the colon [@bb0230].

Typical symptoms of UC include rectal bleeding or bloody diarrhea associated with abundant mucus discharge, abdominal pain, fever, weight loss and malaise [@bb0095]. The presence of these symptoms and their severity correlate with the activity of the disease [@bb0295]. The predominant cytokines in UC are mainly from the Th2 pattern of the adaptive immune response which produces several pro-inflammatory cytokines such as IL-4, IL-5 and IL-13 [@bb0205].

3. Diabetes mellitus {#s0025}
====================

Diabetes mellitus (DM) is a chronic disease that is classified into two major types: type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM). T2DM constitutes 90% of all diabetes and is a common endocrine disorder. On the other hand, T1DM is an immunologically mediated disorder. It is insulin-dependent diabetes whereby the body\'s immune system destroys the βeta cells that release insulin and eventually eliminating insulin production from the body. However, in T2DM, the body cannot use the insulin leading to insulin resistance [@bb0040].

Insulin resistance and β-cell dysfunction are considered as early and critical components in the pathophysiology of T2DM. In addition, a timely inflammatory process has been described with the up regulation of growth factors like TGFβ and pro-inflammatory cytokines like IL-1β and other biological molecules like ROS [@bb0090], [@bb0250], [@bb0255].

4. Colorectal cancer {#s0030}
====================

It is well established that CRC originates from the epithelial cells lining the colon or rectum of the gastrointestinal tract and represents the third most common form of cancer worldwide [@bb0110]. Recently, CRC incidence has been increasing along with its mortality rates. Multiple molecular pathways intersect, thus probably promoting its occurrence. However, there is constantly an inflammatory reaction persisting and maintained. Whereby, an array of pro-inflammatory mediators is elevated both locally and systemically, such as; cyclooxygenase 2 (COX-2), prostaglandin E~2~ (PGE~2~), TNF α, NFkB, TGFβ among others .... Despite the multiple factors responsible for its onset, its incidence and prevalence increase more in patients with IBD and/or T2DM [@bb0065], [@bb0085], [@bb0105].

5. TGFβ {#s0035}
=======

TGF-β constitutes a common factor in all the three disease entities. It is a multifunctional cytokine that plays an important role in the regulation of many cellular pathways including cell growth, apoptosis, differentiation and immune reactions. Under normal conditions, TGF-β is a strong anti-inflammatory cytokine exerting a suppressive effect on carcinogenesis by inhibiting abnormal cell growth. The uncontrolled cell growth and differentiation in many GI cancers are attributed to a genetic loss of TGF-β signaling molecules and an alteration of TGF-β receptors. Once a tumor has developed, TGF-β will promote tumor cell growth, enhance invasiveness and metastasis and inhibit immune surveillance [@bb0255], [@bb0265].

During the pathogenesis of T2DM, TGFβ plays a crucial role in β cell malfunctioning, as glucotoxicity stimulates TGFβ signaling cascade, moreover, glucotoxicity, which is the chronic exposure to hyperglycemia, leads to reactive oxygen species (ROS) accumulation in pancreatic β islets. As anti-oxidative enzymes are not sufficiently present in β cells, ROS accumulation may result in oxidative stress, a well-known trigger for β cells apoptosis [@bb0255] ([Fig. 1](#f0005){ref-type="fig"}). This oxidative stress, along with Free Fatty Acids---FFAs---(secreted by stimulated adipocytes) abolishes the normal function of β cells and induces the generation of pro-inflammatory mediators, such as IL-1 β, TNFα and IL-6, thus causing inflammation in pancreatic islets and peripheral tissues [@bb0180]. Consequently, β cell dysfunction may lead to insulin resistance and disruption of glucose homeostasis. Pro-inflammatory mediators, such as IL-1 β binds IL-1 receptor (IL-1 R) and leads to NFkB activation, which will interact with multiple signaling pathways, as will be depicted later on [@bb0180], [@bb0255].

TGFβ and its related factors control the development, growth and function of diverse cell types. It transmits its signals via dual serine/threonine kinase receptors and transcription factors called smads, with smad 3 acting as the main facilitator of TGFβ signaling [@bb0305]. Several studies illustrate the role of TGFβ/smad3 signaling in the pathogenesis of T2DM. In a study conducted by Hariom et al. in 2011, smad 3 deficient mice were protected from diet-induced obesity and diabetes, while systemic blockage of TGFβ signaling protects mice from diabetes and hepatic steatosis [@bb0090]. TGFβ also induces adipocytes hypertrophy and adipocytes produce FFAs. A prolonged exposure of FFAs to β cells inhibits insulin synthesis and promotes oxidative stress, leading eventually to insulin resistance [@bb0255] ([Fig. 1](#f0005){ref-type="fig"}).

Furthermore, the GI tract which is constantly exposed to various pathogens and food antigens can induce a series of host defensive reactions such as recruitment of immune cells, activation of anti-inflammatory enzymes and secretion of anti-inflammatory cytokines. Regulatory T (Treg) cells are among the various regulatory mechanisms whose function is partly to maintain the gut barrier and other immune reactions in order to prevent a pathological inflammation and maintain GI tract homeostasis through tolerance. In addition IL-6, plays an important role in inflammation, a key field of action of IL-6 is the regulation of T cell differentiation and activation. Numerous studies provided evidence that IL-6 is a critical regulator of murine models of experimental colitis. It was proven that IL-6 inhibition, decreases the multiplication and size of colonic adenomas in Azoxymethane (AOM) and Dextran sodium sulfate (DSS) mice models [@bb0260]. The key factor and regulator of IL-6 in chronic intestinal inflammation works via th1 and th17 cells [@bb0070]. IL-6, through its trans-signaling can also modulate epithelial cells, neutrophils, macrophages and T cells. In addition, IL-6 promotes the production of th17 cells and TGF-β and induces the maintenance of IL-17 signaling T lymphocytes in inflamed tissues while it exerts a suppressive effect on the generation of regulatory T cells (T~reg~). Moreover, IL-6 is an important factor for the synthesis of C-reactive protein whose level is found to be elevated in acute and chronic inflammation. Furthermore, IL-6 plays a potential role in the pathogenesis of diabetes through mediating local inflammation and tissue destruction in a NOD mouse model. It was also reported that IL-6R signaling blockage and STAT-3 activation lead to a T cell apoptosis in lamina propria cells in culture [@bb0210]. [Fig. 2](#f0010){ref-type="fig"} demonstrates that TGF β has a role in the pathogenesis of IBD, and it also may contribute to the cancer risk associated with chronic inflammation of the gut. TGF β in the presence of IL-6, which is produced during active infections or other inflammatory states, leads to the differentiation of naïve T cells into Th-17 cells, a set of T helper cells secreting IL-17, a potent inflammatory cytokine. The production of IL-17 leads to chemokine expression such as IL-6 and TNFα [@bb0150]. Th-17 appears to play an important role in IBD, and drives a pro-carcinogenic process under poorly regulated pro-inflammatory conditions [@bb0245] ([Fig. 2](#f0010){ref-type="fig"}).

TGFβ also contributes to epithelial to mesenchymal transition (EMT), a hallmark that facilitates metastasis and invasion through multiple signaling mechanisms, leading eventually to tight junctions (TJ) and adherent junctions (AJ) dissolution. Another mechanism, by which TGFβ facilitates EMT, is through the up regulation of metalloproteinases (MMPs), contributing to colon carcinogenesis and metastasis [@bb0120] ([Fig. 2](#f0010){ref-type="fig"}).

In a study conducted by Hawinkels et al. in 2014, a strong activation of TGF-β/Smad signaling pathway was observed in CRC. TGF-β1 stimulation caused a remarkable up regulation of MMPs, plasminogen activator inhibitor-1 (PAI-1) and TGF-β1 itself, thus, leading to cumulative production of TGF-β and proteinases within the tumor microenvironment and consequently creating a cancer-promoting feedback loop [@bb0160] ([Fig. 2](#f0010){ref-type="fig"}).

Actually, in IBD a battery of cytokines were described as being secreted (TNFα, IL-6, IL-17, IL-27 among others), which contribute to the formation of a tumor supporting microenvironment.

Macrophages, phagocytic cells of the innate immune system, are essential not only for engulfing foreign agents that enter the body, but also for eliminating apoptotic cells and digesting wastes from tissues. The activity of macrophages can be increased by cytokines secreted by helper T cells, especially IFN-γ. During inflammation, macrophages release a wide range of pro-inflammatory cytokines such as TNF-α, IL-6, IL-8 and IL-12, in addition to the release of chemokines, prostaglandins and complement. The interactions of all of these mediators could lead to an increased vascular permeability and recruitment of inflammatory cytokines [@bb0130]. Consequently, environmental triggers like microbiota and inflammation together can result in damage to the epithelial cells. The increase in inflammatory cells and the factors they produce result in oxidative stress, which can induce DNA damage resulting in genetic and epigenetic alterations to the epithelial cells, thus causing dysplasia, cancer and clonal expansion of these cells. The net result is disruption of the balance of mediators with increase in TGFβ, IL-6 and TNFα among others leading to IBD, CRC and consequently T2DM.

Among the different cytokines, IL-13 and IL-4 secreted by Th2 cells have been shown to increase the colonic mutations in epithelial cells, to support angiogenesis and to produce TGFβ. In addition, cytokines secreted by Th-17 are proven to be mitogenic. [Fig. 3](#f0015){ref-type="fig"} shows the different effector cells recruited in IBD and their associated cytokines [@bb0080].

6. NFKB {#s0040}
=======

There are several lines of evidence posing NFKB as a key regulator in the crosstalk among the pathways leading to T2DM, CRC, and IBD. Actually, various carcinogens, growth factors, inflammatory stimuli including microbiota and pro-oxidants activate the transcription factor NFkB which plays a central role in inflammation and is mostly expressed in cancers [@bb0185]. It was documented that NFkB is activated via phosphorylation of inhibitor of kappa B (IKB) leading to its ubiquitination and proteasomal degradation. Such a reaction will unmask the nuclear localization signal of NF-KB, and once in the nucleus, it will activate several genes that regulate proliferation, apoptosis, angiogenesis, invasion, inflammation and metastasis [@bb0315], [@bb0235] ([Fig. 4](#f0020){ref-type="fig"}).

NFKB plays a major role in linking chronic inflammation to cancer development through its ability to up regulate several inflammatory, and tumor promoting cytokines such as IL-6, IL-1α and TNF-α, as well as survival genes such as BCL2 and BCLXL [@bb0315] ([Fig. 4](#f0020){ref-type="fig"}).

In a study conducted by Greten FR et al. in 2004, a crucial role for IKK beta was demonstrated, linking inflammation to cancer in a mouse model of colitis-associated cancer, deleting IKK beta in myeloid cells resulted in a significant decrease in tumor size. This deletion also diminished the expression of pro-inflammatory cytokines [@bb0060] ([Fig. 4](#f0020){ref-type="fig"}).

In addition, NFkB promotes EMT, through its activation of snail and twist [@bb0025] in the microenvironment, and the expression of inflammatory cytokines. Moreover, NFKB seems to be involved in the tumor associated macrophage (TAM) recruitment and acts in cancer-associated fibroblasts (CAF), by promoting the expression of a pro-inflammatory gene signature, which is important for macrophage recruitment, neovascularization and tumor growth that were abolished when NFKB was inhibited [@bb0005], [@bb0200] ([Fig. 4](#f0020){ref-type="fig"}).

Furthermore, NFKB plays an important role in T2DM, as obesity activates the transcription factor NFKB which increases the risk for T2DM. It has been shown that NFKB pathway inhibition exerts a beneficial effect on T2DM, *salsalate* a prodrug that reduces NFkB activity was shown to decrease HBA1C levels [@bb0190].

Collectively, NFKB could be considered as the matchmaker between inflammation, IBD, cancer and diabetes, and its wide mechanisms of action are summarized in [Fig. 4](#f0020){ref-type="fig"}.

7. TNFα {#s0045}
=======

TNFα is a cytokine produced by activated macrophages as well as other cells. It is one of the first cytokines to be released during the acute inflammatory response. It plays a pivotal role in systemic inflammation as it induces the synthesis of C-reactive protein, vasodilatation, and vascular permeability and helps in the recruitment of inflammatory cells. In harmony with IL-17, TNF-α triggers the expression of neutrophil-attacking chemokines CXCL1, CXCL2 and CXCL5 which in turn increase CXCR2-dependent neutrophil migration to the inflammation site. Diapedisis is also facilitated through TNF-α\'s effect on cell adhesion molecules [@bb0075], [@bb0270] ([Fig. 5](#f0025){ref-type="fig"}).

Among the immune-regulatory factors, TNF α is increased in the mucosa of IBD patients, and has been shown to play a central role in the pathogenesis of the disease, and anti TNF α therapy has proven to be beneficial in the treatment of IBD [@bb0140]. In addition, TNFα activates other signaling pathways such as NFkB and Mitogen-activated protein kinases (MAPK) pathway, resulting in Jun N-terminal kinase (JNK) and the activator protein 1 (AP-1) activity. Thus the sustained activity of both NFκB and AP-1 is known to be a mediator in distinct phases of colon carcinogenesis [@bb0055] ([Fig. 5](#f0025){ref-type="fig"}).

More than a decade ago, it was discovered that TNFα is overexpressed in the adipose tissues of obese mice, thereby establishing a clear link between obesity, T2DM and chronic inflammation [@bb0320]. Consequently, as represented in [Fig. 5](#f0025){ref-type="fig"}, TNF α is a key player in IBD, CRC and T2DM.

The association between T2DM and cancer is validated in several studies: Orsini and Wolk demonstrated from a meta-analysis of 15 studies including more than 2.5 million patients that diabetic people have 30% increased risk of developing CRC compared to non-diabetics [@bb0240]. 371 million people worldwide have DM [@bb0280]. Seshasai et al. stated in a review based on 97 prospective studies that 123,205 cases of mortality of cancer were linked to diabetes among a total mortality of 820,900 cases. The relative risk of diabetes associated to CRC is 1.40 with 95% confidence interval (CI) [@bb0050], [@bb0280].

On the other hand several studies investigated the correlation between T2DM and IBD in 2015, SY LEE et al. showed that metformin which is an effective widely used T2DM treatment was able to decrease the severity of IBD and diminishes inflammation [@bb0155].

8. The link of microbiota to IBD, T2DM and CRC {#s0050}
==============================================

The role of dysbiosis in the pathogenesis of IBD, CRC, and T2DM is being strengthened by several studies and reports involving probiotics. The term "probiotics", meaning "for life" in Greek, was first used in 1965 to describe any substance or organism that was beneficial in promoting microfloral balance in the intestinal system [@bb0045]. The Beneficial role of probiotics in IBD, CRC and T2DM was demonstrated in several studies [@bb0015]. XuZ et al. showed that the probiotic *bifidobacterium* could significantly ameliorate the disorder of glucose and lipid metabolism [@bb0325]. Furthermore a clinical study investigated the effect of milk fermented with *Lactobacillus helveticus* on blood pressure, glycemic control and cardiovascular risk factors in T2DM using a randomized, double-blinded, prospective, placebo-controlled study. The change in fasting blood glucose concentration differed significantly between the two groups with a larger increase in the placebo group [@bb0135]. It has been also reported that consumption of a symbiotic shake resulted in a significant decrease in fasting glycemia in T2DM patients [@bb0010] ([Fig. 6](#f0030){ref-type="fig"}).

In addition to its inhibiting effect on T2DM, existing evidence clearly support an immunomodulatory role of probiotics in CRC, particularly its ability to modulate intestinal inflammation, a well-known risk factor for CRC. Other studies along this line showed that the administration of *L. plantarum* Lp91 significantly reduced COX-2 and TNFα while up regulated IL-10 levels in the colon tissues of mice with TNBS-induced colitis [@bb0225]. Another treatment involving the probiotic mixture VSL\#3 led again to reduction in COX-2, NFkB, TNF-α, IL-6 and inducible nitric oxide synthase, while increasing IL-10 and TGFβ expression in colonic tissue of rats with dextran sulfate sodium-induced colitis [@bb0020].

Beneficial effects of probiotic treatment have been observed with the restoration of normal goblet cells numbers and stimulation of the mucosal immune system in the patients\' intestinal tract to secrete protective immunoglobulins such as secretory IgA, protective defensins and bacteriocidins in the colonic lumen [@bb0195].

On the other hand, increasing evidence suggests that intestinal microbiota play a role in initiating, maintaining and determining the severity of IBD. Such effect is limited to a continuous antigenic stimulation causing chronic intestinal injury concurring to the typical alterations of the gut associated lymphoid tissue associated with IBD [@bb0165].

Furthermore, molecular dynamics of dysbiosis encompass modulation of genotoxic metabolites from different bacterial strains and are able to induce CRC formation in the presence of polymorphisms responsible of reduced activity of NOD2 [@bb0035]. Dysbiosis was proven to exert detrimental effects on the mechanisms responsible of cellular differentiation, apoptosis and proliferation control [@bb0030]. The great importance of colonic microbiome in CRC development is substantiated by experiments of stool transfer from individuals with colon cancer and healthy germ-free mice [@bb0275]. They showed that regular probiotics intake may actively prevent the initiation and development of CRC [@bb0085].

The common positive effect of probiotics on T2DM, IBD and CRC may help in clarifying the pathological link, or links between these 3 chronic diseases. Could it be dysbiosis?

9. Conclusion {#s0055}
=============

Inflammation is a fundamental homeostatic response triggered by both endogenous and exogenous noxious stimuli. It ensures the integrity of the organisms. However, inflammation may be the mysterious cause of several diseases including, neurodegenerative disorders, atherosclerosis, T2DM, cancer and IBD among others. On the other hand, IBD, CRC and T2DM are commonly occurring interrelated clinical problems. They share a common basis influenced by disease-related inflammation, a process characterized by up regulation of expression of common inflammatory cytokines along with TGFβ, TNFα, NFKB, ROS and other signaling molecules, leading to an imbalance in the intestinal microbiota. The intersection between and the converging of all these molecular pathways constitute a crosstalk leading, most likely to these three interrelated chronic diseases. However, further clinical studies seem necessary to clarify the complex interplay between CRC, IBD and T2DM in addition to the role of microbiota in this loop.

A treatment that can interrupt the cross talk could probably be of interest in managing the three disease entities and form a novel therapeutic target. Would probiotics interrupt the crosstalk or orient it in the physiological direction?

![The various interactions between TGFβ, Smad 3, IBD, T2DM and colon carcinogenesis are illustrated. Note that blue arrows indicate induction and stimulation, while red arrow means disruption or inhibition.](gr1){#f0005}
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